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All eukaryotic mRNAs analyzed to date contain, at their 51 end,
a cap structure consisting of a reversed 7-methyl guanosine residue
linked at the 5' position of the ribose by a triphosphate to the 5'-
position of the terminal residue. Since its discovery, the cap structure
has been shown to play an important role in the control of initiation of
protein synthesis. Further characterization of mRNAs has revealed other
unique properties. Its 3' terminus in most eukaryotes is enriched with
a sequence of adenylic acid residues called the poly(A) tail. Photo-
affinity binding studies, using photoaffinity capped mRNAs and mRNAs
polyadenylated with a photoaffinity label translated in a rabbit reticu-
locyte lysate system, suggest that proteins or initiation factors are
associated with both the 5' and 3' ends. The ability for ribosomes to
form complexes in a rabbit reticulocyte lysate system was tested by modi
fying mRNAs using 8-azido-[32P]GTP and 8-azido-[32P]ATP. The extent of
binding was measured by the total amount of photoaffinity label recovered
from a 12% SDS-polyacrylamide gel cut into 1 mm stripes and counted in a
LS 7000 scintillation counter. Several proteins labeled both at the 5'
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cap structure, the 5'-terminal end of eukary-
otic mRNA. The nucleoside 7-methylguano-
sine is attached by an unusual 5',5'-tri-
phosphate linkage containing three phos
phates to base indicated as X.
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It has recently been discovered that many eukaryotic mRNAs and
heterogeneous nuclear RNAs have at the 5' end of the chain certain
characteristic features, called cap structures. These structures consist
of a 5'-5'-triphosphate linkage between the terminal residue and a
"reversed" 7-methyl guanosine residue. Moreover, one or two of the
subsequent nucleotides residues may be methylated in the 7 position
(Abraham and Pihl, 1977; Adams and Cory, 1975; Furuichi et a]_, 1975a;
Furuchi et al_, 1975b). These structures are shown in Figure 1. Attempts
have been made to elucidate the biological significance of the cap struc
ture by studying the template activity of messenger RNA where the 7-methyl -
guanosine residue has been removed by chemical methods (Abraham and
Pihl, 1977; Efstratiadis, 1977; Held et al_, 1977).
Thus, Muthukrishnan, Shatkin and co-workers (1975a) treated rabbit
globin and vesicular stomatitis viral mRNA with periodate/aniline, which
specifically removes ribose moieties having free hydroxyl groups in the
V and 31 position, and hence removes the inverted nucleoside and the
3'-terminal nucleoside (Muthukirshnan et al_, 1975a). The ability of the
treated messages to serve as templates in a protein synthesizing system
was strongly reduced. It can be concluded that the cap structure is
required for normal functioning of the mRNA (Rose, 1975). It should be
noted, however, that periodate/aniline treatment of capped mRNAs leaves
Figure 1. The 5'-terminal end of eukaryotic mRNA. The nucleoside 7-
methylguanosine is attached by an unusual 5',5'-triphos
phate linkage to a base indicated as N1. This terminus is
called Cap 0.
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abnormal structures at the termini of the chain, viz. a triphosphate
group at the 5' end and a monophosphate group at the 31 end of the
molecule (Abraham and Pi hi, 1977).
An enzymatic procedure developed by Abraham and Lillehaug, 1976;
Zan-Kowalczewska et jQ,, 1977, using polynucleotide kinase, which speci
fically splits the pyrophosphate linkage between 7-methyl guanosine-51-
diphosphate (m7GDP) and the rest of the mRNA, leaves the possibility
of introducing RNA contamination. When this procedure was applied to
rabbit globin mRNA, it demonstrated that the decapped mRNAs do not retain
their full ability to serve as templates in a protein-synthesizing system
(Abraham and Lillehaug, 1976; Zan-Kowalczewska et a]., 1977).
Caps are a peculiarity of mRNA and its presumptive precursor,
heterogeneous nuclear RNA. Capping does not occur on ribosomal or trans
fer RNAs. Furthermore, among RNA viruses in which the genome RNA has
minus polarity, it is not the RNA present in the virion which is capped.
Rather, caps are present in the messenger RNAs which are complimentary
to the genome of these viruses. In the case of adenovirus-infected
cells, adenovirus messenger RNAs are capped, but a low molecular weight,
nonmessenger RNA is uncapped (Cannaani et al, 1976; Rottman et al...
1974; Rose, 1975).
Cap structures show a variation in methylation of the penultimate
residue at the 5' termini of several viral and nonviral eukaryotic
mRNAs and has been implicated in the formation of the mRNA-ribosome
initiation complexes and/or the protection of mRNAs from nucleolytic
degradation. The most extensive studies have been done using viral
mRNAs, comparing the translation activity of mRNA with methylated cap
structures (m7GpppX) to that of mRNA with unmethylated cap structures
(GpppX) or the activity of "capped" to that of "decapped" mRNAs in vitro
(Both et aK 1975a; Lodish and Rose, 1977; Muthukrishnan et a]_, 1976).
Such studies have indicated that for mRNAs which normally contain the cap
structure, the contribution of m7G towards ribosome binding and trans
lation efficiency varies among the different viral mRNAs examined (Weber,
et a\_, 1977). Additional evidence for the role of the cap structure in
mRNA function has come from studies using analogues such as 7-methyl
guanosine-5'-monophosphate (m7GMP) which was found specifically to inhibit
the translation ±n vitro of capped mRNAs (Roman et al_, 1976; Hickey
et al_, 1976; Weber et al_, 1977). The functional importance of 5'-termi-
nal 7-methyl guanosine (m7G) in caps is manifested at early stages of
initiation of protein synthesis. Ribosome binding experiments with
reovirus mRNA indicate that mRNA molecules containing 5'-terminal m7G are
preferentially bound to wheat germ 40S ribosomal subunits (Revel and
Groner, 1978). Furthermore, cap structures and analogs such as m7GMP,
7-methyl guanosine-5'-triphosphate (m7GTP), and m7GpppXm have been shown
to specifically inhibit jn. vitro ribosomal binding and translation of
several cell extracts (Hickey et al_, 1976). In uncapped messages like
satellite tobacco necrosis virus encephalomyocarditis virus RNA, T4 mRNA,
and synthetic SV40 cRNA, the absence of 5'-terminal m7G does not preclude
translation, but these mRNAs are insensitive to inhibition by other cap
analogs.
Other investigators have found, using membrane filter binding assays
that [3H]-methylated cap structures with a penultimate base(GpppGm) binds
to high salt wash fractions of eukaryotic ribosomes and that purified
reticulocyte initiation factors 1F-2, 1F-4B and 1F-5 bind to capped mRNA
(Shatkin, 1976b; Barrieux and Rosenfeld, 1977a; Barrieux and Rosenfeld,
1977b). These observations suggest that 1F-4B recognizes and binds to
the cap. Various cap analogs, such as GppA, GppG, GpppG, GppppG, GpppppG,
7-methyl-8-azido guanosine-5'-monophosphate (m7GMP) and m78N3GMP, when
added to a standard optimal protein-synthesis assay quantitatively
inhibited protein synthesis (Johnson et al_, 1981a). This, along with
other results, may be an indication that the cap binds specifically to
initiation factors during the initiation of protein synthesis (Kim and
Sarma, 1978). Since nonribosomal protein, ribosomai protein and ribosomai
RNA are involved in the initiation complex formation, all of these species
are open for analysis and each can be implicated in the primary inter
action (Fisher et a]_, 1977).
Some experimental evidence for the participation of ribosomai pro
teins in mRNA binding comes from many different approaches including
chemical modification of ribosomes, functional studies correlating the
ability of ribosomai protein to bind to mRNA and different photoaffinity
probes (Noller et al_, 1971; Moore, 1966; and Haley, 1976; Noller e£ al,
1975). A photoaffinity probe [14C]-labeled methylated 8-azido-guanosine
itionophosphate (m'S^GMP*) which was tested in translation and photo-
affinity binding studies, showed quantitative competition with capped
9S-globin mRNA since it inhibited translation of this capped messenger
but not that of uncapped poly(U) mRNA (Johnson «rt jil_, 1981b). Photo-
affinity labelled compounds have proven to be excellent tools for in
vestigating reactive sites and receptor sites of macromolecular com
plexes that are difficult to approach because of intricate location or
delicate changes in structure and function (Fleet et al., 1969; Haley,
1974). Due to the development of this technique it is now possible to
study particular molecules, atoms and bonds. The method was first used
by Westeimer in 1962, in which he reported the use of a diazoacetyl
compound as a probe to explore the receptor site in chymotrypsin. Of
the many labels used since then, the azido group has been used most
often in the production of nitrene radicals.
The characterization of mRNA has revealed unique properties other
than the 51 cap structure. Its 31 terminus in most eukaryotes is en
riched with a sequence of adenylic acid residues called the "poly
A tail". This 150-200 purine sequence apparently serves to transport
the molecule through the nuclear membrane pores and aids in the mole
cule's stability by adding resistance from degradation by nucleases
(Darnell, 1971).
A major question that remains to be resolved is whether protein
components are randomly distributed along the RNA chain, or whether
specific cytoplasmic binding proteins cover, spontaneously, any naked
RNA segment. Specific protein on unique sites, on the other hand, could
conceiveably have regulatory functions. It was observed that the poly(A)
segment in mouse sarcoma polysomes is associated with proteins that cause
it to sediment at about 12-15S, and that a similar 8S structure occurs in
rabbit reticulocyte polysomes (Brawerman, 1974). Evidence obtained from
studies with globin mRNA suggests that one of the two protein components
identified in that particle is associated with the poly(A) segment (Blobel,
1973).
Many approaches have been used to identify mRNA binding proteins.
The approach of this investigation was to study the crosslinking of
proteins that are positioned near and that possibly interact with the
5' or the 31 end of synthetic mRNA. For this purpose, 8-azido photo-
affinity-labelled cap analogues, such as 8-azido-ATP (8N3ATP*) and 8-azido-
GTP (8N3GTP*), were chosen. The use of photoaffinity labelling probes
made it possible to identify several proteins or initiation factors that
might be associated with the 5' and 3' ends of translated mRNA.
CHAPTER II
REVIEW OF LITERATURE
Vaccinia Capping Enzyme (Guanylyltransferase).
The capping enzyme complex isolated from vaccinia virus overcomes
many of the problems associated with T4 polynucleotide labeling of RNA
(Wei and Moss, 1974; Moss, 1972 and 1981). This complex can be used
directly to radioactively label the naturally occurring 5'-di-or tri-
phosphate end of RNA or the capped 51 termini after chemical removal
of the terminal m7G residues. The capping enzyme complex contains: (1)
RNA triphosphatase, (2) guanylyltransferase, (3) and an RNA guanine-7-
methyltransferase activity (Venkatesan et aj., 1980). Because this enzyme
will not accept monophosphate terminated RNA as a substrate, guanylyl
transferase will not introduce label into nicks in the RNA template.
Vaccinia capping enzyme has three major applications in molecular
biology. (1) Capping enzyme has been used to map transcription initi
ation sites of Xenopus laevis preribosomal RNA (Reeder et al_, 1977)
fibroin mRNA of Bombyx mori (Tsujimoto and Suzuki, 1979), early vaccinia
virus transcripts (Wittek et al_, 1980) and early Herpes virus transcripts
(Macken and Roizman, 1981). (2) RNAs of brome mosaic (Alquist et H,
1979), satellite necrosis and influenza viruses (Moss et £]_, 1978) have
been labeled by capping enzyme prior to sequence determination.
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(3) Capping enzyme has been used to study the role of the cap structure
in mRNA binding to ribosome and its role in translation (Muthukirshnan
et_al_, 1975a).
Influence of 5'-Terminal Cap Structure on the Initiation of Translation.
Messenger RNA synthesized in vitro by purified vaccinia virus parti
cles in the presence of the methyl donor S-adenosylmethionine has been
shown to contain a mixture of molecules with two types of 51 termini,
a cap structure that is methylated at the penultimate residue (m7GpppXm)
and a cap structure that is not methylated (m7GpppX) (Wei et al_, 1975;
Urushibara et ail_, 1975). Virus-specific mRNA isolated from vaccinia-
infected HeLa cells has similar, yet more highly modified, termini that
carry extra methyl groups on the N6 of the penultimate adenosine and on
the 2'-hydroxyl of the third nucleoside (Boone and Moss, 1977). The
presence of such methylated 51 ends (caps) appears to be a feature of
eukaryotic mRNA (Furuichi et al_, 1975a; Wei et al_, 1975; Perry and
Kelly, 1974), heterogeneous nuclear RNA (Salditt-Georgieff et al_, 1980;
Perry et il, 1975), and low molecular weight nuclear RNAs (Shibata et
al_, 1975; Adams and Cory, 1975). Notable exceptions are viral RNAs from
polio (Nomoto et al_, 1976), encephalomyocarditis (Frisby et_ j»l_, 1976),
tobacco necrosis and satellite tobacco necrosis viruses (Lesnaw and
Reichman, 1970), and yeast killer particle RNA. A significant amount of
information has been gathered concerning the possible role of such cap
structures in mRNA translation (Muthukirshnan et al_, 1975b). However,
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some controversy exists as to whether: (1) the requirement for m7G depends
on the particular mRNA and or a particular translation system (Rose and
Lodish, 1976; (2) whether chemical methods used to remove m7G may produce
unrelated changes in the RNA that lowers its ability to be translated
(Rose jit al_, 1976); and (3) whether unmethylated viral mRNAs formed in
the absence of S-adenosylmethionine have other structural anomalies that
affect translation. In addition, little information is available re
garding the influence of methylation of the penultimate nucleoside on
translation.
Vaccinia virus offers a useful system for addressing some of the
questions raised regarding the influence of mRNA 5'-terminal struc
tures on the initiation of protein synthesis (Muthukrishnan et al.,
1975. Furthermore, enzymes involved in the synthesis of cap struc
tures have been isolated from this virus and can be used to add m7G to
unmethylated mRNA or restore m7G following chemical removal (Moss et al.,
1976; Martin et £]_, 1975).
Functional Importance of Capping
Addition of the cap occurs during or shortly after initiation of
transcription. Consequently, caps are found on primary nuclear tran
scripts as well as mature cytoplasmic mRNAs. Other mRNA modifications
include methylation of internal bases and 3'-terminal polyadenylation.
Capping of mRNA apparently is universal among eukaryotes. Naturally
occurring uncapped cellular mRNAs in eukaryotes have not been reported.
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In addition, most viruses that infect higher animals, plants and insects
direct the synthesis of capped virus-specific mRNAs. The few known
exceptions include animal pi comavirus, poliovirus, cowpea mosaic and
satellite tobacco necrosis viruses of plants (Shatkin, 1976a).
Initiation of Transcription and Capping
Studies of whole cells and nuclear fractions indicate that cap
formation probably occurs very close in time to the initiation of tran
scription (Salditt-Georgieff £t a]., 1980). In several viral transcrip
tion systems, caps are present on short, nascent oligonucleotides corres
ponding to mRNA 5'-terminal sequences (Yamakawa and Furuchi, 1981) sug
gesting that in these systems capping may be intimately linked with the
start of transcription. Tight coupling between the two processes is also
implied from the positive allosteric effect of S-adenosylmethionine and
related compounds on transcription initiation by the mRNA polymerase
in purified insect cytoplasmic polyhedrosis virus (Furuichi, 1981;
Kaempfer et a]_, 1978).
Influenza virus transcription involves another type of cap-related
phenomenon. Capped cellular RNAs are used as a primers by the virion-
associated polymerase for transcription of the viral genome. In an
unusual mechanism of initiation, the cap and approximately 10-15 adja
cent nucleotides are transferred from the unrelated primer RNA to the
virus specific transcriptase products. Capped mRNAs are considerably
better primers for the influenza transcriptase than uncapped mRNAs. This
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is consistent with cap recognition by the virion enzyme complex (Krug,
1981). Recent findings demonstrate that one of the influenza structural
proteins has cap-recognition activity and is involved in initiation of
primer-dependent influenza transcription (Ulmaner et al_, 1981; Blaas
et£l_, 1982).
Caps and mRNA Stability
Capping increases mRNA stability. Capped reovirus mRNAs have a
longer lifetime as compared to the corresponding uncapped viral tran
scripts after microinjection into Xenopus oocytes or incubation in cell
free extracts (Furuichi et al_, 1977). Similar results were obtained
subsequently with cytoplasmic polyhedrosis virus transcripts and trout
protamine mRNAs (Shimotohono et al., 1977; Gedamu and Dixon 1978).
Translation of another cellular mRNA (rabbit globin) was decreased
10-fold by decapping prior to microinjection into oocytes (Lockard and
Lane, 1978). Studies with cell extracts and reovirus mRNAs that were
differntially radiolabeled at the internal 5'-terminal sites indicate
that caps stabilize mRNAs by protecting against 5'-exonucleolytic de
gradation (Furuichi et aj_, 1977).
Facilitation of Translation by Caps
Involvement of the cap in translation is indicated by the inhibitory
effect of m7GMP and other cap structures which lead to the decrease in
ability of mRNA to form initiation complexes (Shaferitz et a]_, 1976).
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In some mRNAs, the cap is part of the 40S ribosomal binding site as
measured by protection against RNase digestion (Kozak, 1978). Attach
ment of the ribosomal subunit at or near the mRNA 51 end may involve
interaction initially with the cap, followed by "scanning" of the ribo
somal subunit along the mRNA until it encounters the correct AUG codon
for peptide bond formation (Kozak, 1981).
Inhibition of initiation by cap analogs is attributed to a com
petition for some translational component which specifically recognizes
the mRNA 5' cap. In agreement with this idea, a "cap-binding protein"
was detected in initiation factor preparations from rabbit reticulocytes
by an affinity labelling procedure (Sonenberg et aj_, 1978). Reovirus
mRNA containing in the 5'-terminal tritiated methyl groups was oxidized
with sodium periodate to form a 21,3'-d1aldehyde on the ribose moiety of
the cap m7G. After reduction with NaBH3CN to stabilize any Schiff bases
and ribonuclease digestion to remove the RNA, a [^H] labeled "cap-bind
ing" protein of approximately 24,000 daltons molecular weight was detected
by sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS PAGE)
and fluorography.
Polyadenylation of mRNA
The first described post-transcriptional modification of mRNA was
the addition of polyadenylic acid (Darnell eit al_, 1973; Brawerman,
1974). The importance of this modification lies not only in its bio
logical role within the cell but also as a tool for the efficient puri-
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fication of mRNA from other cellular RNAs. Several methods for mRNA
isolation have been devised which involve retention of the mRNA via
its 3'-terminal poly(A) fragment. Perhaps the two procedures most common
ly used are retention on columns of either oligo(dT)-cellulose or poly-
(U)-Sepharose.
Originally it was thought that all mRNAs contained poly(A), with
the exception of hi stone mRNAs. Subsequently, it was shown that as much
as 30% of total cytoplasmic mRNAs lack poly (A) and that this is not
the result of cleavage from mRNA sequences originally containing poly-
(A) (Milcarek et ai., 1974). A specific mRNA coding for the protein
casein is present both with and without poly(A) (Houdebine, 1976).
Poly(A) segments have also been found in mitochondrial RNA (Hirsch
and Penman, 1973). However, these segments are shorter than the poly*
(A) sequences on cytoplasmic mRNA.
Although the length of poly(A) on cytoplasmic mRNA can vary, it
generally contains 150-200 nucletotides. Three size classes of poly-
(A) have been reported on globin mRNA (Gorski et aj., 1974). Obser
vations that poly(A) seems to become shorter with time suggest that
the length of the poly(A) terminus may be related to the age of the
mRNA in the cytoplasm (Gorski et al_, 1974; Sheiness and Darnell, 1973).
Biological Role of PolvfA) in mRNA.
For a possible biological role of poly(A), Darnell et a]., (1973),
proposed that poly(A) may function in the processing and transport of
mRNA molecules from the nucleus to the cytoplasm. This model was based
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largely on the kinetics of nuclear and cytoplasmic poly(A) labelling
and also on inhibitor studies with the nucleoside analogue, 3'-deoxy-
adenosine. However, the transport and translation of mRNA molecules
lacking poly(A) indicate that poly(A) is not an absolute require
ment for mRNA function (Milcarek et al_, 1974; Nemer et al_, 1974).
For instance, examination of casein mRNAs (Houdebine, 1976) revealed
that a large part of the mRNAs coding for casein does not contain a
poly (A) tail. Furthermore, this lack of poly(A) was not a result of
its removal from older mRNAs, but instead represented newly synthesized
mRNAs which were not polyadenylated. Similar conclusions were reached
in studies on the mRNA of sea urchin embryos (Fromson and Verma, 1976).
Both studies imply that polyadenylation is not required for the proper
processing of mRNA.
The possible involvement of poly(A) in translation has also received
much attention. Obviously, poly(A) is not an absolute requirement for
translation because, as noted above, many functional mRNAs lack this
modification. Messenger RNA naturally lacking poly(A) is found on poly-
somes and the presence of poly(A) does not insure vn. vrtro translation
(Houdebine, 1976; Fromson and Verma, 1976). Some 40% of the cytoplasmic
poly(A)-containing mRNA found in myeloma cells is not bound to polysomes,
and a significant fraction of these sequences cannot be chased into poly
somes (MacLeod, 1975). Early studies using Mj vitro cell-free protein
synthesizing systems, which compared poly(A)-containing mRNA with mRNA
in which poly (A) was removed, indicated that the poly(A) was not re-
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quired for cell-free translation (Bard et_ j*l_, 1974; Munoz and Darnell,
1974).
These experiments have led to a proposed role for poly(A) in which
poly (A) enhances the functional stability of the mRNA in the cytoplasm
implying that poly(A) must somehow attenuate the degradative system
responsible for the turnover of cytoplasmic mRNA (Huez et £j_, 1974).
Extension of these experiments in Xenopus oocytes have shown that the
poly(A) tail also enhances the stability of mRNA, as measured by
hybridization with cDNA probes (Marbaix et al_, 1975). A clearer role
for poly(A) in these studies could be documented by reconstruction of
the initial properties of the mRNA molecule through restoration of the
poly(A) sequence. Huez et H (1975) re-established the stability
of globin mRNA in Xenopus oocytes from which the poly(A) was previous
removed and readenylation with a poly(A) addition enzyme from Esche-
r1ch1a coii. The minimum effective length of added poly(A) for sta
bility in the Xenopus oocytes system was 30 nucleotides. Although it
seems quite certain that poly(A) enhances mRNA stability both jln vitro
and in vivo, the mechanism of this enhancement is not clear. Presum
ably, poly(A) affects the conformation of the remainder of the mRNA
molecule and thereby influences either its translation or its suscepti-
bility to nucleases.
Poly(A) has been reported to interact with other sequences in the
mRNA (Jeffrey and Brawerman, 1975) as well as with a small RNA species,
and translations control RNA (Heywood and Kennedy, 1976). In addition,
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a protein has been isolated from an mRNA-protein complex which appears
to interact specifically with the poly(A) tail (Blobel, 1973; Axelsson
et£l, 1977; Kenner, 1973; Kwan and Brawerman 1972). No functional
significance has been clearly demonstrated for any of these poly(A)
interactions.
Polv(A) in HnRNA
The existence of poly(A) in heterogeneous nuclear RNA sequences
permitted the isolation of a subclass of nuclear RNA molecules con
taining this modification and provided a potential method for following
mRNA processing. Only about 20% of HnRNA molecules are polyadenylated
under certain experimental conditions, and their possible role as pre
cursors to cytoplasmic mRNA remains unsettled (Lewin, 1975). At issue
is the conservation of poly(A)-containing HnRNA sequences and the extent
to which the poly(A) sequence is an appropriate tag for following HnRNA
coversion to mRNA.
If poly (A) sequences are used by the cell to designate which HnRNA
molecules exit into the cytoplasm, minimum intranuclear turnover of
poly(A) and little cytoplasmic formation of poly(A) would be expected.
Jelineket il, (1973) have shown that the kinetics of poly(A) labeling
indicate the an early synthesis of nuclear poly(A) is followed by its
subsequent appearance in the cytoplasm. Not all of the poly(A) made in
the nucleus, however, appears in the cytoplasm. This conclusion is
based on both kinetic analysis and hybridation studies with cDNA probes
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(Getz et aj[, 1975; Perry et _al_, 1974). Furthermore, kinetic analysis
is complicated by the description of a class of cytoplasmic mRNA mole
cules with short half-lives (Puckett et a]_, 1975; Berger and Cooper,
1975) which could contain some of the sequences that rapidly disappear
from the nucleus. Complementary DNA probes have also been made against
nuclear and cytoplasmic poly(A)-containing RNA sequences from Xenopus
liver in order to explore the relationship between these two types of
RNA. It was estimated from these studies that more than 10 different
poly(A)-containing nuclear sequences were degraded intranuclearly and
did not enter the cytoplasm (Ryffel, 1976). Similar hybridization data
on nuclear and cytoplasm RNA from Drosophila also indicated that some
poly(A)-containing HnRNA does not reach the cytoplasm (Levy and McCarthy,
1976). Thus, it seems that polyadenyiation is not required of all mRNA
sequences for transport to the cytoplasm, nor does the presence of poly





Guanylyltransferase, RNA polymerase, RNA ligase, T4 polynucleotide
kinase, rabbit reticulocyte lysate, and wheat germ lysate were purchased
from Bethesda Research Laboratories. [32P]-ATP (0.09 mCi/mmol), 8-azido-
[32P] guanosine-5'-triphosphate (8N3GTP*, 20 Ci/mmol), and 8-azidoD3 P]-
adenosine-5'-triphosphate (8N3ATP*, 28 Ci/mmol) were purchased from New
England Nuclear.
Synthesis of 8-Azido-Adenosine-3'-Monophosphate
8N33'AMP was synthesized in our laboratory with procedures similar
to those of Haley (1976) with some modifications. A mixture of 8-bromo-
adenosine-B'-monophosphate (1 mmole) and NaN3 (5 mmole) in DMSO (15 ml)
was heated at 80°C for 18 hours. The reaction mixture was then mixed with
100 ml of water and eluted from a dowex +H column with 150 ml of water
followed by a linear 1 liter gradient of 0.3 M formic acid. Appropriately
collected fractions were based on the indicated absorbance recorded by a
Gilford spectrophotometer. These fractions were evaporated to a volume
of about 15 ml and 10 ml of butanol and 150 ml of ether were added. The





5'-terminal labelling was carried out by decapping 9S globin message
using the enzyme tobacco acid pyrophosphatase (TAP). The reaction mixture
contained 50 mM sodium acetate (pH 5.5), 1 mM ethylene diamine tetraacetic
acid, 1 mM dithiothreitol, and 2.9 units of TAP. The reaction mixture was
incubated for 1 hour at 37°C in an Eppendorf tube and boiled at 100°C
for 2 minutes to destroy the enzyme.
Guan.ylyltransferase Reaction
The assay reaction mixture included 50 mM Tris-HCl (pH 7.9),
1.25 mM MgCl2, 2.5 mM OTT, 0.25 mM [32P-6TP*], 1 mg 9S-globin mRNA, and
6 units of guanylyltransferase.
High Voltage Electrophoresis
High Voltage electrophoresis was done on 1 mm Whatman paper with
pyridine-sodium acetate-H20 (25:1:225, v/v ratio) at pH 3.7 with a maxi
mum voltage of 500 volts for 1 hour. Also used was a glycine Tris HC1
(pH 8.3) buffer.
Translation of Recapped Message
Translation was carried out with a mixture containing the fol
lowing: 0.003 ml rabbit reticulocyte mix, 0.002 ml [3H]-phenylalanine
(5microcuries/mmol.), 0.02 ml rabbit lysate, and 0.950 micrograms
of 9S-globin mRNA. These components were mixed in a total volume of
0.04 ml and incubated at 37 C for one hour. The reaction was stopped
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by the addition of 1 ml of cold 10% Trichloroacetic acid (TCA). The
precipitate was collected on GF/A glass fiber filters and washed with
10 ml of cold 5% TCA and 5 ml of cold 95% ethanol. The filters were
dried and placed in scintillation vials with 5 ml of nonaqueous scintil
lation fluid and counted in a LS 7000 liquid scintillation counter.
3'-Terminal Labelling
3'-terminal labelling of poly(U) was carried out by using the enz
ymes poly(A) polymerase, T4 RNA ligase and polynucleotide kinase. The
reaction mixture for the polyadenylation of poly(U) contained 8N3ATP*
50 mM Tris-HCl, (pH 7.9), 10 mM MgCl2, 2.5 mM MnCl2, 0.25 M NaCl, 5 ug/ml
Rifampicin, and 5.7 units of Poly (A) polymerase. The reaction mixture
was incubated for 30 minutes at 37 C and boiled for 2 minutes at 100 C to
destroy the enzyme. The polyadenylated mRNA was purified on 100 mg of
oligo(dT)-cellulose in 10 mM Tr1s-HCl buffer (pH 7.6) containing 0.5 M
NaCl and 1 mM-EDTA packed into a small column (1 ml disposable syringe).
The oligo(dT)-cellulose was equilibrated with 50 ml of the buffer before
use. The mRNA was applied to the column and eluted with 50 ml eluting
buffer (0.01M Tris HC1, pH 7.6, 1 mM EDTA. Used oligo(dT)-cellulose was
regenerated by a quick wash with 0.1 M KOH. Polyadenylated mRNA in
binding buffer was passed through pre-soaked filters and dried for
scintillation counting. The adsorption of the polyadenylated mRNA to
millipore filters was carried out to determine the maximum amount of
label attached to the 3' end of the mRNA.
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Labelling the 31 end of poly (U) with a mononucleotide was done by
synthesizing a donor nucleotide 8-azido-3',5'-adenosine diphosphate
(8N3*pAp). The reaction mixture (0.1 ml) contained: 8N33'AMP (39 A26O
units), 0.09 mCi, 2.2 mM [e*32P]-ATP, 10 mM MgCl2, 10 mM 2-mercaptoethanol,
50 mM Tris-HCl (pH 7.6), 50 mg/ml bovine serum albumin, and 18 units/ml
polynucleotide kinase. After incubation for sixty minutes at 37 C,
the reaction was terminated by boiling at 100 C for 2 minutes. The
standard assay to measure the activity of 8N3*pAp with a common acceptor,
[3H]-poly(U) in the ligation reaction (100 /jl) was carried out under the
following conditions: 0.1 mM [3H]-poly (U), 0.2 mM donor (8N3*pAp), ATP
20 mM MgCl2, 3.3 mM DTT, 50 mM HEPES (pH 8.3), 10 jjg/ml BSA, and 20
units/ml (2 units/assay). Purification of the product was done on a DEAE
sephadex column (A-25).
Rabbit Reticulocyte Translation System
The standard assay was composed of the following components: 25 mM
Hepes buffer (pH 7.4), 1.0 mM ATP, 75 mM GTP, 6.0 mM creatine phosphate,
6.2jjg/ml creatine phosphokinase, 0.25 mM CaCl2, 6.25 uH Hemin, 4 mM
2-mercaptoethanol, 1.2 mM Magnesium acetate, 150 mM potassium acetate,
37.5 jiM of each of 19 unlabelled amino acids, 0.50 mM EGTA, 0.20 jjCi/
tube of [3H]-phenylalanine, 3 A260 units rabbit reticulocyte lysate and
various concentrations of poly(U), rabbit globin 9S mRNA and synthe
tic or commerical cap analogs. These components were mixed in a total
volume of 40 *il and incubated at 25 C for 1 hour. The reaction was
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stopped by addition of 1 ml of cold 10% Trichloroacetic acid (TCA)
and then heated at 90-100 C for 20 minutes. The formed precipitates
were chilled on an ice bath and collected on GF/A glass fiber filters
which had been presoaked in cold 10% TCA and washed with 5 ml of cold 90%
ethanol. The filters were dried and placed in glass scintillation vials
and 1 ml of tissue solubilizer (Protosol) was added. The vials were
capped and incubated at 55 C for one hour, then cooled to room temperature.
5 ml of nonaqueous scintillation fluid were added, the vials were capped,
shaken, and counted for 10 minutes. Table 1 shows the standard assay
components for mRNA translation in the rabbit reticulocyte cell-free
protein-synthesizing system.
Photoaffinity Binding Assay
The photoaffinity binding assay was carried out in a cell-free
rabbit reticulocyte translation system. In a total volume of 3.2 ml,
the following were added: 1.6 ml of rabbit reticulocyte lysate, 12.5 mM
6.2 mM creatine phosphate, 6.25 /ig/ml creatine phosphokinase, 0.25 mM
CaCl2, 0.50 mM EGTA, 17.5 mM NaCl, 150 mM potassium acetate, 1.2 mM
magnesium acetate, 25 mM HEPES, pH (7.5), 1 mM ATP, 75 mM GTP, 37 mM
unlabelled ami no acids (minus phenylalanine), 8 mCi [3H]-phenyla-
lanine (18.1 juCi/mmole). The assays were carried out at room temper
ature in the dark. The translation system was photolysed with a UVL-21
longwave (350 nm) ultraviolet 4 watt lamp for 45 minutes. The lamp
was 3 cm from the assay tube (400 watt/cm2). The sample was exhaustively
24
Table 1. Standard Assay Components for mRNA Translation in the Rabbit
Reticulocyte Cell-free Protein-Synthesizing System.









Unlabeled Amino Acids (Minus Phenylalanine)
Potassium Acetate
Magnesium Acetate (with Poly (U) )
Magnesium Acetate (with 9S-Globin)
[3H] Phenylalanine
Reticulocyte Lysate




















dialyzed in Spectraphor dialysis tubing (with an exclusion limit of
2000 dalton) against 250 ml of 60 mM Tris-HCl (pH 8.4) containing 0.2 N
Beta-mercaptoethanol. The buffer was changed three time and dialyzed for
8 hours with each 250 ml change of buffer. The sample was lyophilized
and dissolved in 300 microliters of protein dissociation buffer contain
ing 60 mM Tris-HCl (pH 6.8), 1.3% of sodium dodecylsulfate, 0.18 M beta-
mercaptoethanol and 10% glycerol.
Samples were saved throughout the assay procedure and analyzed by
SDS PAGE. Twenty-five (25) microliter samples were saved as follows:
Rabbit reticulocyte lysate
Entire translation system at time 0
After exhaustive dialysis
All samples were prepared for SDS PAGE by adding 25 microliters
of the protein dissociation buffer, placing in a boiling water bath
for 5 minutes and centrifuging at 15,000 rpm in a countertop centri
fuge. All supernatant fractions were saved and run on SDS-PAGE (12%
acrylamide).
Sodium Dodecvl Suifate Pol vacrylamide Gel Electrophoresis
A 12% polyacrylamide gel solution containing 0.1 ml of 10% ammonium
per sulfate, 7.5 microliters of tetramethylenediamine, 0.1% SDS and 0.375
M Tris - HC1 (pH 8.4) was prepared and poured into assembled slab gel
operators and allowed to polymerize overnight (10-15 hours). On top of
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the separation gel was added a stacking gel consisting of 3% polyacryl-
amide. The stacking gel was allowed to polymerize for one hour. The gel
wells were then dried and the supernatant of all the treated samples was
applied and overlayed with electrode buffer. The buffer tank was filled
with Tris-glycine buffer containing 8 gm of Tris, 0.38 M glycine and
0.1% SDS per liter. The samples were electrophoresed at 25 milliamps
constant current per slab gel for 6-8 hours. The gels were removed and
stained in 0.25% Coomassie Brilliant Blue-R 250 in 46% methanol and 9%
acetic acid for 15 minutes. The gels were destained and stored in 10%
methanol and acetic acid until a photograph was taken.
Autoradioqraphy
Immediately after destaining the slab gel was dehydrated with
20 times its volume of dimethyl sulfoxide for 30 minutes. This dehy
dration was repeated by immersion in a fresh (20 times) volume of di
methyl sulfoxide. The gel was then impregnated with a scintillator to
enhance the detection of radiation from labelled macromolecules. The
scintillator used was diphenyloazole (PPO) which was added at a concen
tration of 20% (w/v) in dimethyl sulfoxide. Four (4) volumes of this
solution were poured over the gel and allowed to absorb for 3 hours.
The scintillator was precipitated in the gel in 20 volumes of water
for one hour and dried on a Gelsh gel dryer with vaccum applied. In the
dark room under appropriate safelight conditions the gel was firmly fixed
on RP Royal "X-Omat" medical X-ray film, sandwiched between two glass
plates and wrapped in aluminum foil and exposed at -80 C.
CHAPTER IV
EXPERIMENTAL RESULTS
Modification of the 5' Termini of mRNA
Using vaccinia capping enzyme (guanylyltransferase), the 5'-terminus
of 9S-globin mRNA was modified by the procedures of Moss et^ a]_ (1944).
9S-globins mRNA was decapped with the enzyme tobacco pyrophosphatase
and purified on an oligo(dT)-cel1ulose column. Translation of the de-
capped mRNA in the rabbit reticulocyte system resulted in a 71% lost in
incorporation of radioactive ami no acids. The decapped mRNA was recapped
by using the enzyme guanylyltransferase which resulted in a 5% increase in
translation when compared to the decapped mRNA (Table 2). To determine
whether the recapped mRNA contained 5'-labelled termini m7GMP*, it was re
acted with tobacco pyrophosphatase. Identification of the labeled termini
was carried out by electrophoresing along with ^h-GMP, decapped assay
and capped mRNA on a 4% polyacrylamide gel and paper chromatography. The
results indicated that most of the radioactivity migrated the same dis
tance as [3H]-GMP which suggested that the mRNA had been decapped (Fig. 2),
Photoaffinity Labeling of the 5' Termini of 9S Giobin mRNA
9S-globin mRNA was decapped using the enzyme tobacco pyrophospha
tase. The decapped mRNA was reacted with 8N3GTP* in order to label
initiation factors that aide in binding the 5' cap structure to the
40S ribosomal subunit. The incorporation of 8N3GTP* at the 5' terminus
27
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Figure 2. Identification of tobacco pyrophosphatase digestion of re
capped 9S globin mRNA using paper chromatography. The








of decapped 9S globin mRNA restored the translational activity. With the
addition of S-adenosylmethionine the 9S globin mRNA could be methylated
in the 7 position of the cap structure.
Aliquots of the product were digested with bacterial alkaline phos-
phatase to determine if the labeled phosphate 32P was internal. The
results showed no release of 32P when the bacterial alkaline phosphatase
reaction was subjected to paper chromatography.
Photo-affinity Binding of 5' Termini to Proteins
Labeling the 51 terminus of 9S globin mRNA with 8N3GTP* made it
possible to attempt to bind the photoaffinity probe to proteins or initi
ation factors at the 5' end of mRNA. Figure 3 shows the result of elec-
trophoresis of the products following photolysis. The two larger pro
teins had molecular weights greater than 100,000 and 66,000 daltons
respectively, and could possibly be initiation factors eIF-2 and eIF-4B.
The smaller proteins had molecular weights of 49,000, 36,000 and 24,000-
daltons. The 49,000-dalton protein could possible be eIF-4A and the
24,000-dalton protein could correspond to the 24,000-dalton molecular cap
binding protein identified by Muthukrishnan et al_. (1975b). Autoradio-
graphy showed three proteins possibly labeled (Fig. 4)
Modification of the 3' Termini of mRNA
The occurrence of a poly(A) segment in most eukaryotic mRNAs pro
vides a precise criterion for mRNA identification. The poly(A) segment
can be absorbed on Millipore filters at high ionic strength or annealed
Figure 3. SDS electrophoresis of translated photo-labelled binding assay
at the 51 end with 8-azidoguanosine-5'[32p]-monophosphate.
The gel was cut into millimeter stripes and counted for in
corporation of radioactively labeled amino acids. Proteins
used as standard molecular weight markers were:
A = Phosphorylase b, 92,500
B = Bovine serum albumin, 66,200
C = Ovalbumin, 45,000
D = Carbonic anhydrase, 31,000












STANDARD PROTEINS (mol. wt.)
SDS-Polyacrylamide gel electrophoresis of translated binding assay.
mRNA was photo-labeled at the 5' end with 8-azido-quanosine-5'-
[32P] monophosphate. The gel was cut into millimeter stripes and
counted for incorporation of radioactively labeled amino acid.
Figure 4. Autoradiogram of translated photo-labelled binding assay at
the 51 end with 8-azidoguanosine-5'[32p]-monophosphate.







to poly(U) immobilized on fiberglass filters. In this manner, the mRNA
species can be selectively absorbed and their translation ability can be
measured. Using this system, poly(U) of various lengths was poly-
adenylated and translated in cell-free extracts of a rabbit reticulo-
cyte system which was capable of translating natural and synthetic mRNAs
with fidelity.
Figure 5 represents the elution profile from the separation of poly-
adenylated mRNAs on oligo(dT)-cellulose. Three synthetic mRNAs, poly-
(U) of unknown length, poly(U) 350 nucleotides in length and poly(U) 550
nucleotides in length were polyadenylated with [3H]-ATP and translated
to compare their ability to direct protein synthesis. Table 3 summarizes
these results. The results indicate that synthetic polyadenylated mRNA
does not increase protein synthesis when compared to non-polyadenylated
mRNA. The results indicate that as the length of the mRNA increases, the
incorporation of radioactivity into newly synthesized protein increases.
Another approach in studying the 3' end of a synthetic message was
the ligation of 8N3*pAp to the 3' end of poly(U). The 3' end of poly(U)
was labeled with 8N3*PAp, which indicates that 8N3*pAp is a substrate for
the enzyme RNA ligase. Figure 6 shows the phosphorylating by 8N33'AMP
using C/32P]-ATP. To identify 8N3*pAp, a sample of the reaction mixture
of 8N33'AMP + [-C32P>ATP were spotted on a PEI chromatogram along with
standard adenosine-3',5'-diphosphate but purification of the product was
done on a DEAE Sephadex column (A-25) (Figure 7).
Figure 5. Separation of labelled polyadenylated mRNA by an oligo(dT)-
celluiose column. The sample was bound to cellulose with
0.5M NaCl continuous lOmM Tris-HCl (pH 7.6) and lmM EDTA. The
















Seperation of labeled polyadenylated mRNA by Oligo (dT)-cellulose
column chromatography. The sample was bound to the Column with
10mM Tris-HCI <pH 7.6) containing 0.5M NaCI. Polyadenylated mRNA
was eluded with 10mM Tris-HCI (pH 7.6).
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Figure 6. Phosphorylation of 8-azidoadenosine-3'-monophosphate with
[32p]ATP.
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Figure 7. Chromatography of the phosphorylation of 8 azido-3'-adenosine
monophosphate. Thirty nine A26o units were used with [32P]ATP
(specific activity 0.09 mCi/mmol) and polynucleotide kinase
(18 units) on a DEAE-sephadex A25 column (3 cm x 50 cm) using
a linear gradient of triethyl ammonium bicarbonate pH 7.5 from
0.1 M to 0.65 M. Fractions of 1.6 ml were collected and












Chromatography of the products in the phosphorylation of 8N3 3 AMP
(39A,Rn Units) with [32P] ATP (Specific actiuity, 0.09 mCi/mmole) and
polynudeoxide kinase (18 units) on a DEAE sephadex A25 column using
a linear gradient of triethylammonium bicarbonate (pH 7.5) from 0.1 M
to 0.65M. 1.6ml fractions were collected and radioactivity was counted.
Peaks: 1. Pi; 2. [32P] ATP and 3. 8N3 *pAp
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In the RNA ligation reaction of 8N3*pAp with poly(U) the product
was separated and identified by counting labeled 32P attached to poly
(U). The migration profile of the reaction resulted in 2 peaks, the
first identified a complex between poly(U) and 8N3*pAp (poly(U)-8N3*pAp)
as and the second one as 8N3*pAp (Fig. 8). The isolated product, poly(U)
8N3*pAp, when translated in a cell-free system, didn't show an increase in
translation ability when compared to poly(U) and polyadenylated poly(U)
mRNA.
Pol.yadenylation of Poiy(U) with 8-Azidoadenosine-5'-Triphosphate
Poly(U) was also polyadenylated at the 3' end with 8N3ATP*. The
results suggest that 8N3ATP* was incorporated as 1.7% of the poly (A)
segment on the 3' end of the poly (U) mRNA.
Photoaffinity Binding of the 3' Termini
Photoaffinity binding studies using 8-azido-polyadenylated mRNA,
translated in a rabbit reticulocyte lysate system, suggest that proteins
are associated with the poly(A) tail. The extent of binding was measured
by the total amount of photoaffinity label recovered from SDS gels. Eight
peaks were identified by cutting the gel into 1 mm squares. These label
led proteins ranged between 96,000 and 31,000 daltons (Fig. 9). However,
autoradiography showed two bands, the larger protein having a molecular
weight of 66,000 daltons. The smaller protein molecular weight was very
Figure 8. Chromatography of the RNA Ligase Reaction of 8-azidoadenosilie
s' -monophosphate. Five A250 units were used with [ H]-poly (U)
(specific activity 10 mCi/mmol) on columns of DEAE Sephadex A25.
The conditions for elutions were the same as described in























Chromatography of the RNA ligase reaction of 8N3 *pAp (5 A260 units)
with poly(U) (specific actiuity, 10mCi/mmole) on a DEAE sephadex
A25 column. Peaks: 1. [3H] poly (U) - 8N3 *pAp and 2. 8N3 *pAp.
Figure 9. SDS electrophoresis (12%) of a translated photo-labelled bind
ing assay. The gel was cut into millimeter stripes and counted
for the incorporation of radioactivity into proteins.
















SDS-Polyacrylamide gel electrophoresis (12%) of translated photo-labeled
binding assay. The gel was cut into millimeter stripes and counted for the
incorporation of radioactivity into proteins.
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close to 45,000 daltons (Fig. 10). It is not certain whether these
proteins function exclusively as separate ribosomal proteins or whether
























Initiation of protein synthesis in eukaryotes is complex and re
quires mRNA, 40S and 60S ribosomal subunits, charged initiator 5SRNA,
ATP, 6TP, and several initiation factors. During the last few years,
several groups (Merrick, 1979; Revel and Groner, 1978; Barrieux and
Rosenfeld, 1977b; Benne and Hersey, 1978; Both et al_, 1975b) have
purified most of the components required for the formation of an 80S
initiation complex which contains 40S and 60S ribosomal subunits, mRNA
and Met-tRNA. Studies with these purified components have led to the
postulation of several possible pathways for the initiation process,
including three which are in general agreement (Benne and Hersey,
1978; Trachsel et a]_, 1977). One of the most intensively studied steps
of initiation is the formation of a ternary complex between eukaryotic
initiation factor-2, GTP, and Met-tRNA. A wealth of information has been
obtained on this step because of the relative ease of the assay of eIF-2
in translation control in heme-deficient lysates and extracts from inter-
feron-treated cells (Jagus et al_, 1981; Merrick, 1979; Revel and Groner,
1978). In spite of this, there still exists different view points on the
functional form of eIF-2 as to whether it contains either 2 or 3 poly-
peptide chains and whether complementary components influence the rate
and extent of ternary complex formation (Fisher et al_, 1975; Merrick,
1979; Jagus et^ al_, 1981).
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In contrast, relatively little has been done to characterize the
binding of mRNA to the 40S ribosomal subunit. Initiation factors eIF-3,
eIF-4A, and eIF-4B have been implicated in the ATP-dependent binding
of mRNA to 40S-eIF-2GTP-Met-tRNA complexes (Benne and Hersey, 1978;
Revel and Groner, 1978). Further studies have been hampered by the need
for large numbers of purified components for this assay. However, some
degree of characterization has been achieved using impure components.
For example, eIF-4B which specifically recognized the 51-terminal m^GpppX
cap structure of eukaryotic mRNAs has been implicated in the process
of mRNA discrimination by using factor-limited extracts for the trans
lation of different mRNAs (Kabat and Chappell, 1977, Golini et al_,
1976, Sonenberg et al. 1977).
We have attempted to determine some of the structural features of
mRNA molecules that are important for translation. Synthetic photo-
affinity labeled mRNAs modified both at the 5' and 3' terminus, were
constructed in our laboratory by the incorporation of 8N33'AMP, 8N3ATP*
and 8N3GTP* and tested for their ability to direct protein synthesis in a
cell-free system. These results indicate that the photo-affinity labeled
mRNAs are capable of carrying out in vitro translation.
In an attempt to modify the 5' end of 9S-globin mRNA, cap structure
have been synthesized using 8N3GTP*. Synthesizing cap structures with a
photoaffinity probe have made it possible to identify some of the pro
teins that are associated with the 5' end of mRNAs. Several proteins
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have been labelled which correspond to several initiation factors previ
ously identified. Therefore, photoaffinity labelling has been demon
strated to be a \/ery useful tool in identifying those protein molecules
that have an affinity for both the 51 and 31 ends of eukaryotic mRNAs
during initiation of eukaryotic proteins biosynthesis. The poly(A) tail
seems to be associated with two proteins during translation. These two
proteins have a molecular weight of approximately 66,000 and 45,000
daltons respectively, and could possibly bind to the mRNA during trans
lation to protect the mRNA from nuclease degradation. Results also
indicate that the 66,000 dalton protein is not present until 15 minutes
after the initiation of translation.
A major question that remains to be resolved is whether the pro
tein components of mRNA are randomly distributed along the RNA chain,
or whether specific proteins are associated with unique sites on the
RNA. In the first arrangement, cytoplasmic binding proteins would
cover spontaneously any naked RNA segment, perhaps for protection against
nucleases. Specific proteins on unique sites, on the other hand, could
have regulatory functions. It was observed that the poly(A) segment
in mouse sarcoma 180 polysomes is associated with proteins that cause it
to sediment at about 12-15S and that a similar structure of 8S occurs
in rabbit reticulocyte polysomes (Lim and Canellakis, 1970). Evidence
obtained from studies with globin mRNA suggests that one of the two
protein components identified in that particle is associated with the
poly(A) segment.
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The efficiency of translation of synthetic mRNA is demonstrated by
the increase in the rate of protein synthesis of approximately 3.67-fold
for poly(U)n and 1.99-fold for an oligo-nucleotide, poly(U)35Q which is
350 bases long. The efficiency of the photo affinity-labelled messenger,
poly(U)n-8N3AMP, is indicated by at a 3-fold increase in an assay system
containing exogenous ribosomes.
While the poly (A) and the "capping" structure may appear to be
universal in eukaryotic mRNA, there still remain some questions as to
their function in protein synthesis. Studies using polio virus mRNA
seem to suggest that the translation phenomenon may be species-specific.
Host protein synthesis in polio virus-infected Hela cells is interrupted,
but the host mRNA appears to remain completely intact but modified.
The average size and poly(A) content remained unchanged (Koschel, 1974;
Leibowitz and Penman, 1971). In addition, the 5'-methylated "cap" struc
tures remained intact and no further base modification could be detected
(Fernandez-Munoz and Darnell, 1976).
Still other evidence suggests that the existence of polyadenylation
of the 3' terminus and the "cap" at the 51 terminus may play a role
in controlling protein synthesis (Lee et aj., 1971; Shatkin, 1974).
These studies Indicate that substantial amounts of protein appear to be
associated with the message even while it is being translated. Merrick
et al_. (1979) have reported that eIF-4A and eIF-4B bind to the cap during
initiation before the mRNA-complex binds to the 40S ribosomal subunit.
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Perhaps some initiation factor or protein also binds to the poly(A) tail
to protect the 3' end from being degraded by ribonucleases.
In order to understand the events which take place on ribosomes dur
ing protein synthesis, it has become evident that precise information on
the position of individual proteins relative to each other and to ribo-
somal RNA, will be required. The use of crosslinking agents, which bind
neighboring proteins or RNA, appear to offer useful means toward this
end.
A photoaffinity labeled mRNA has been synthesized which qualita
tively binds to biological macromolecules. This finding enhances the
understanding of the mechanism of specific protein-mRNA interaction.
Moreover, once the nucleic acid protein contact points have been identi
fied, further experiments may be directed at these sites in order to




The 5' and 31 ends of 9S-globin and synthetic messenger RNAs were
modified using photo-affinity probes. Photolysis of the photoaffinity
probes made it possible to identify proteins at both the 51 and 3' ends
of mRNAs.
Five proteins were labeled at the 51 end. Their molecular weights
ranged from 100,000 to 24,000 daltons. Eight proteins were labeled at
the 3' end. Their molecular weights ranged from 96,000 to 31,000 dal
tons. The functions of these proteins are not yet understood, but their
identification may enhance our knowledge about the mechanisms of specific
protein-mRNA interactions.
Translation of capped mRNAs were compared to decapped mRNAs in a
rabbit reticulocyte lysate system. Translation of decapped mRNAs re
sulted in a 71% reduction in the incorporation of radioactive amino
acids. Recapping the mRNAs increased the incorporation of radioactive
amino acids by 5%.
Synthetic mRNAs of various length were polyadenylated and trans
lated to compare their ability to direct protein synthesis. The re
sults indicated that synthetic polyadenylated mRNAs did not increase
protein synthesis when compared to non-polyadenylated mRNAs.
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